A new indole alkaloid, 11-hydroxypolyneuridine, was isolated from Vinca major subsp. major L. and the known indole alkaloids vallesiachotamine and isovallesiachotamine from Vinca minor L. This is the first report on the alkaloids of both Vinca species growing in Turkey; vallesiachotamine and isovallesiachotamine were isolated from a Vinca species for the first time. V. minor may be considered as a new source for these two alkaloids due to their occurrence in high amount in the aerial parts of the plant. The alkaloid extracts of the two Vinca species were found to have high lipid peroxidation inhibitory and DPPH radical scavenging activities. Anticholinesterase activity of the extracts was also very strong.
Chemical and biological surveys refer to six distinct species of Vinca (family Apocynaceae), namely V. major, V. minor, V. pubescens V. difformis, V. herbacea and V. erecta [1] . Of these, only V. herbacea, V. major and V. minor are found in Turkey [2] , along with a new species, V. soneri Koyuncu [3] . Indole alkaloids are the most important secondary metabolites that have been isolated from this genus [4] [5] [6] [7] .
V. major, with the common names large periwinkle, greater periwinkle and blue periwinkle, is a flowering plant native to southern Europe, from Spain and southern France to the eastern Balkans, and also in northern Turkey and the western Caucasus. V. major has two subspecies with geographically separate ranges. V. major subsp. major is native to southern Europe, and V. major subsp. hirsuta (Boiss.) (syn. V. pubescens d'Urv.) is native to the Caucasus, northeastern Turkey [2] .
V. major subsp. hirsuta grown in Turkey has been previously investigated [8] and afforded 10-methoxyperakine, vincawajine and 10-methoxyvinorine. V. major subsp. major, grown in Turkey, has now been investigated for the first time to afford a new indole alkaloid, 11-hydroxypolyneuridine. In total, about 20 alkaloids have been isolated from V. major [6] [7] [8] [9] , and exhibited hypotensive effects in experimental animals [1] .
V. minor, called lesser periwinkle and dwarf periwinkle, is native to central and southern Europe, from Portugal and France north to the Netherlands and the Baltic States, and east to the Caucasus, and also in southwestern Asia and Turkey. V. minor has formerly been cultivated, and then naturalized in Turkey, especially in Istanbul, including Prince Islands, public park, and in some other cities [2] .
Vinca species are very rich in indole alkaloids. However, the name Vinca alkaloids has been attributed to a certain class of "bisindole" alkaloids which were isolated from Catharanthus roseus for the first time, and then from some species in other Apocynaceae genera. However, C. roseus is a synonym of V. rosea. Pichon separated Catharanthus from Vinca species, as had many authors earlier, dating back to the 1830s, as discussed in detail by Taylor and Farnsworth [1] . Since then, only two bisindole alkaloids, vincarubine and vincalutine, have been isolated from a Vinca species (V. minor) [10] . In fact, over 45 alkaloids have been isolated from V. minor [7, [10] [11] [12] [13] [14] . The folkloric use of this plant is for hypertension, as a carminative, emetic, hemostatic, astringent, and in the treatment of toothache and snakebite. As is well known, bisindole alkaloids isolated from Catharanthus species exhibit significant anticancer effects due to their tubulin binding activity [15] .
Intensive research on Vinca species started in 1950. V. major afforded akuammicine, akuammine and majdine [5, 11] . During 1961-62, the structure elucidation of reserpine, vincadine, minovine and vincorine from V. minor was reported as its first published indole alkaloids [8, 9] . There are also additional reports which cover other indole alkaloids isolated from the two Vinca species [6, 10, [12] [13] [14] . 3 3.00 s 50.4 -COOCH 3 --173.0 -In our continuing studies on Vinca species growing in Turkey [16, 17] we investigated V. major and V. minor for their alkaloids. An alkaloid extract of the aerial parts of V. major afforded a new indole alkaloid, and its structure was elucidated as 11-hydroxypolyneuridine, while the alkaloid extract of the aerial parts of V. Minor afforded two known indole alkaloids, namely vallesiachotamine and isovallesiachotamine; their structures were determined by using intensive 1D and 2D-NMR techniques ( Figure  1 , Tables 1 and 2 ). The antioxidant activity of the methanol, alkaloid and non-alkaloid extracts prepared from the aerial parts of V. major and V. minor, and the alkaloids 1-3 were investigated by the β-carotene bleaching, DPPH free radical scavenging and metal chelating assays. The anticholinesterase effects of the three extracts were evaluated against two enzymes, acetylcholinesterase (AchE) and butyrylcholinesterase (BchE) by the Ellman method, in vitro.
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All of the bioassays of the extracts of V. major and V. minor were carried out for the first time. 11-Hydroxypolyneuridine is a new compound and this is the first report on the isolation of vallesiachotamine and isovallesiachotamine from a Vinca species.
The aromatic signals for compound 1 at δ 6.62, 6.76 and 7.10 were assigned to H-10, H-12 and H-9 of the indole skeleton, respectively, based on their multiplicity and J values. Therefore, the indole ring carries a substituent at C-11, which the HMBC experiments indicated as a hydroxyl group. One of the characteristic signals for the skeleton was observed at δ 5.45 as a broadened quartet (J = 6.7 Hz), along with a vinylic methyl doublet at δ 1.70, which belongs to an ethylenic side chain attached to C-20, as seen in sarpagine type indole alkaloids. The three carbons attached to the nitrogen atom were observed at δ 50.8 (C-3), 57.8 (C-5) and 54.5 (C-21). Their corresponding protons were assigned by gHSQC experiments (Table 1 ). In addition, the presence of hydroxymethylene and carboxymethyl groups in the structure was observed by 1 H-and 13 C NMR signals, and their location followed by gHMBC experiments (Table1). Three-bond away correlations were observed from H-5 to both the hydroxymethylene carbon (C-17; δ 67.4) and the carboxymethyl carbonyl (δ 173.0), which pointed out their location at C-16. All spectral data and literature comparison indicated that compound 1 must be a derivative of polyneuridine, which was first isolated from Aspidosperma polyneuron [18] and then from other sources like Strychnos-rubiginosa and Gelsemium sempervirens [19, 20] . On the basis of gHMBC correlations, the hydroxyl group should be located at C-11, and thus the compound was assigned to be 11-hydroxypolyneuridine, which was isolated for the first time from nature.
In the present study, from V. minor, the two indole alkaloids vallesiachotamine and its isomer, isovallesiachotamine, were isolated, which is the first report of their occurrence in a Vinca species. However, vallesiachotamine has been isolated previously from species in various families [9, 21, 22] . In the 1 H NMR spectrum of vallesiachotamine, some duplicated signals were attributed to E\Z isomerization of the ethylidene group of vallesiachotamine. However, in some references, they have been named clearly as vallesiachotamine and isovallesiachotamine ( Figure 1 ) [23] [24] [25] . Although their 13 C NMR spectroscopic data are reported in the literature, there is no indication of the full assignments. For this reason, the 1 H-and 13 C-NMR data of vallesiachotamine are given in Table 2 , based on 1 H-1 H-COSY, gHMQC and gHMBC, besides the 1 H NMR data of isovallesiachotamine.
It is noteworthy that the alkaloid extracts of both investigated Vinca species exhibited strong inhibition of AChE and BChE, particularly the extract of V. major subsp. major, which was competitive with the standard alkaloid galanthamine. Furthermore, the non-alkaloid extract of V. major exhibited fairly good inhibition against BChE, but not against AChE ( Table 3 ).
All three extracts of V. minor exhibited high inhibitory activity against lipid peroxidation, especially the alkaloidal extract, which showed similar activity as the standards, BHT and α-tocopherol ( Figure 2 ). The three extracts of V. major subsp. major exhibited moderate activity in these tests, the highest activity being obtained with the alkaloid extract.
Both V. major subsp. major and V. minor alkaloid extracts exhibited significant DPPH free radical scavenging activity (Figure 3) , while their non-alkaloid extracts showed only weak activity. The two alkaloid extracts also exhibited higher metal chelating activity than the other extracts (Figure 4 ).
Alkaloids from Vinca species
Natural Product Communications Vol. 7 (6) 2012 733 Extraction: Each powdered material was extracted with methanol twice at room temperature, and they were evaporated under vacuum. Both plant extracts were green adhesive gummy extracts. They were dissolved in water (~250 mL) and were treated with a weak acidic solution (1% acetic acid in water, pH= 4.2), and then extracted with dichloromethane to separate non-alkaloidal part. Each water extract containing alkaloids in salt form were treated with a solution of 25% NH 3 to convert the alkaloids to their basic forms (pH= 8.3), they were subsequently extracted with dichloromethane [26] . The amount of extracts obtained are listed in Table 4 . A fraction of the alkaloid extract of V. minor obtained by elution of the column with light petroleum, chloroform (50:50) was further purified by prep. TLC using CHCl 3 as the mobile phase. The purified compounds were 2 (12 mg) (0.008%) and 3 (4 mg) (0.0027%).
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Vallesiachotamine (2) [27] Pale yellow crystals. MP: 249.5°C.
[α] 25 D : + 178 (c 0.05, CHCl 3 ). 1 H and 13 C NMR (CD 3 OD): Table 2 Isovallesiachotamine (3) [28] [α] 25 D : -69 (c 0.04, CHCl 3 ).
Determination of the antioxidant activity using the β-carotene bleaching method:
The antioxidant activity was established by using the β-carotene-linoleic acid test system [29] .
DPPH free radical scavenging activity:
The free radical scavenging activity of the samples was determined by the DPPH assay [30] .
Metal chelating activity:
The metal chelating activity was determined according to the Fe 2+ -ferrozine method [31] .
Anticholinesterase activity: Acetyl-and butyryl-cholinesterase inhibitory activities were established by slightly modifying the spectrophotometric method developed by Ellman et al. [32] .
